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© Method of producing connection electrodes. 

© A connection electrodes producing method has 
a step of forming resin layer which can be softened 
after hardened, on a circuit substrate on which an 
electrode pattern is formed. Then, only the resin 
layer material on the electrode pattern is cured and 



left. Thereafter, conductive particles are adhered to 
only the resin layer on the electrode pattern by 
softening the resin layer and by scattering the con- 
ductive particles on the circuit substrate, with the 
softened resin layer. 
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METHOD OF PRODUCING CONNECTION ELECTRODES 



BACKGROUND OF THE INVENTION 



1. Field of the Invention 

The present invention relates to a method of 
producing connection electrodes for semiconductor 
integrated circuits, printed circuit substrates, glass 
substrates, flexible substrates, ceramic substrates 
or the like. 



2. Description of the Related Art 

It is known that soldering is utilized in a meth- 
od of electrically connecting the connection elec- 
trodes of such as a semiconductor chip to those of 
another circuit substrate. In the method utilizing 
soldering, a solder layer is formed on the elec- 
trodes of either of the substrates to be connected 
by plating, printing or other techniques. The solder 
layer is then heated to a high temperature of the 
order of 200 - 250 *C t and fused with the elec- 
trodes of the other substrate for connecting pur- 
poses. In this method, accordingly, it is necessary 
to employ a metal, such as Au t Cu or Ni, having an 
affinity for solder. 

However, it has been pointed out that such a 
high-temperature process utilizing soldering ther- 
mally damages circuit substrates and, in addition, 
the use of a metal having an affinity for solder 
leads to an increase in cost. 

The present applicant is aware of a method 
which utilizes an anisotropic conductive sheet in- 
cluding conductive particles dispersed in an adhe- 
sive in order to solve the problems of thermal 
damage and cost increase. 

The anisotropic conductive sheet has. an- 
isotropy which exhibits electrical conductivity with 
respect to the direction in which pressure is ap- 
plied to the sheet and also exhibits no electrical 
conductivity with respect to other directions. Spe- 
cifically, in this method, such an anisotropic con- 
ductive sheet is inserted between electrodes, termi- 
nals or other portions to be connected. Then the 
interposed of the sheet between, for example, the 
electrodes, is pressed and heated in the direction 
of the thickness of the sheet thereby forming the 
electrical connection between the- electrodes. 

The anisotropic conductive sheet is particularly 
suitable for use in connecting the terminal elec- 
trodes of a liquid crystal display panel of the type 
which employs ITO (Indium Tin Oxide) as wiring 
material. This is because that high-temperature 
heat should not be applied to such liquid crystal 



display panel. 

The anisotropic conductive sheet has conduc- 
tive particles dispersed throughout the entire resin 
serving as an adhesive. Accordingly, if the pitch of 
5 adjacent electrode terminals is fine, it is likely that 
an electrical short will occur due to the conductive 
particles present throughout the entire area of the 
sheet This makes it difficult to achieve connections 
at micro pitch. 

to 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention 

is to provide a method of producing connection elec- 
trodes which can prevent the occurrence of elec- 
trical shorts to improve the reliability of connection 
when connecting electrodes formed according to a 
micro pattern are connected. 

20 In order to achieve the above object, according 

to the present invention, there is provided a meth- 
od of producing connection electrodes, which in- 
cludes the steps of forming a resin layer made of a 
resin material capable of being softened after being 

25 hardened, on a circuit substrate on which an elec- 
trode pattern is formed, curing only the resin ma- 
terial on the electrode pattern, leaving only the 
resin layer on the electrode pattern, and adhering 
conductive particles to only the resin layer on the 

30 electrode pattern by softening the resi n layer and 
scattering the conductive particles on the circuit 
substrate with the softened resin layer. 

According to the present invention, it is possi- 
ble to dispose conductive particles on connection 

35 electrodes by a simple method. Accordingly, when 
handling micro electrode patterns, it is possible to 
improve the reliability with which the projections of 
respective electrodes which are formed of the con- 
ductive particles are connected to the electrodes of 

40 another circuit substrate by pressure bonding. In 
consequence, productivity increases and cost de- 
creases. 

In the present invention, the curing step prefer- 
ably includes a step of effecting illumination with 
45 ultraviolet rays through a mask having an opening 
pattern corresponding to the electrode pattern. 

The leaving step preferably includes a step of 
remove a non-cured part after the illumination with 
ultraviolet rays. This removing may be done by 
50 dissolving the non-cured part by a solvent. 

The ahering step preferably includes a step of 
removing the conductive particles attached to the 
portion other than the electrode pattern. 

This removing operation may be carried out 
after or simultaneously with the scattering the con- 
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ductive particles. 

The adhering step preferably includes a step of 
scattering on the circuit substrate conductive par- 
ticles each having a diameter greater than the 
thickness of the softened resin layer. 

The adhering step may include a step of scat- 
tering, on the circuit substrate, conductive particles 
each completely formed of metaL 

The ahering step may include a step of scatter- 
ing, on the circuit substrate, conductive particles 
each of which is formed of an elastic particle 
coated with a metallic layer. 

Further objects and advantages of the present 
invention will be apparent from the following de- 
scription of the preferred embodiments of the in- 
vention as illustrated in the accompanying draw- 
ings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Rg. 1 is a schematic cross-sectional view 
showing a part of a semiconductor device including 
connection electrodes formed according to a pre- 
ferred embodiment of the present invention; 

Rg. 2 is a schematic cross-sectional view 
showing a part of a semiconductor device including 
connection electrodes formed according to another 
embodiment of the present invention; 

Rg. 3 is a cross-sectional view showing the 
structure of an example of a conductive particle; 

Rg. 4 is a cross-sectional view showing the 
structure of another example of the conductive 
particle; 

Figs. 5a, 5b and 5c show steps in the pre- 
ferred embodiment of the present invention; 

Rg. 6 is a schematic cross-sectional view 
showing a liquid-crystal display device on which is 
mounted a semiconductor device formed according 
to any of the above embodiments of the present 
invention; 

Rg. 7 is a cross-sectional view taken along 
line A. A; 

Rg. 8 is an enlarged cross-sectional view 
showing the details of the portion illustrated in Fig. 
7; and 

Fig. 9 is a cross-sectional view which serves 
to illustrate the process of mounting the semicon- 
ductor device formed according to the preferred 
embodiment on a liquid crystal display device by 
pressure bonding. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Fig. 1 shows in cross section a part of a 
semiconductor device including connection elec- 
trodes formed according to a preferred embodi- 



ment of the present invention. 

As shown in Rg. 1 , a semiconductor device 10 
includes a semiconductor substrate 1 1 , connection 
electrodes 127?7eW jayer 13 a nd conductive 
$ *particiei" 14. The connection electrodes 12, the 
"resin layer 13 and the conductive particles 14 are 
formed on the semiconductor substrate 11 in ad- 
vance. 

The connection electrodes 12 are each usually 

10 made of AiSi in which approximately 1% Si is 
added to At, Since an extremely thin insulating 
oxide film of alumina or the like is formed over the 
surface of At Si, resistance tends to easily increase 
at each connection. 

is In order to decrease such connection resis- 

tance, as shown in Rg. 2 each At Si electrode 12 
may be coated with one or more metallic layers 15. 
The metallic layer 15 may be made of a metal 
selected from among Cr, Ti, W t Cu, Ni, Au, Ag, Pt, 

20 Pd and the like or an alloy of these metals- The 
coating may be carried out by depositing predeter- 
mined metal on the semiconductor device 10 by 
means of sputtering or electron-beam evaporation, 
forming a pattern by photolithography, and then 

25 selectively coating each electrode 12 with the me- 
tallic layer 15. Since Ni cannot be deposited di- 
rectly on the electrode 12 made of At Si by means 
of electroless plating, an alternative coating method 
may also be employed. One example method is 

30 carried out by selectively plating Pd on the elec- 
trode 12 and then substituting Ni for Pd by elec- 
troless plating to coat the electrode 12 with the 
metallic layer 15 of Ni. 

A surface protecting layer 16 is formed over 

35 the area of the semiconductor device 10 on which 
no electrode 12 is formed. The surface protecting 
layer 16 is made from a layer of, for example, SiN, 
S1O2 or polyimide. 

A resin layer 13 is formed over each of the 

40 electrodes 12 of the semiconductor device 10. The 
resin layer 13 is hardened by a method described 
later in a state wherein e ach conductive particle 14 
is par tially embedded in the resin layer 1 3, A part 
of the portion of the conductive particle 14 embed- 

45 "Bed in thenTesTn layer 13 is heJkHn contact with the 
surface of the electrode 12, whilejh e^ other part 
protrudes fronT^7e5n lay er^3rThe^resin layer 
"13 may be made of a resin material which can be 
softened even after being hardened, for example, a 

50 material selected from among synthetic resins such 
as acrylic resins, polyester resins, urethane resins, 
epoxy resins and silicone resins. 

Each of the conductive particles 14 is formed 
by an elastic particle 1 4a made of p olymeric ma- 
ss teriafand a c opffig" layer 14 b made ofj conductive 
material, which layer 14b covers the surface of the 
* respective elastic particle 14a. The material for the 
elastic particles 14a may be selected from among 
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1 synthetic resins su chjjts ooivimide resin s, epoxy 
resins and acrylic resins or synthetic rubbers such 

j as silicone rubber, urethane rubber and the Jike. 

i The conductive material for the coating layer 14b 
may be selected from among metals such as Au, 
Ag. Pt, Cu, Ni, C, In, Sn, Pb and Pd or an alloy of 
these metals. Each coating J^ej^^ m^^jjade 
as one layer or a combination of two layers or 

I more. — 

If each coating layer 14b is to be formed as a 
combination of two layers or more, as shown in 
Rg. 3, it is preferable to form a metallic layer 14b1^ 
made of a metal ^SdTiDlM^excHfent adhesiveness 
with respect to the elastic particle 14a* for example, 
\ Ni, and then to coat the metallic layer 14b1 with a 
\ metal layer 14b2 of Au in order to prevent ox- 
idizatiSn^TlKe^lSove metal. This layer coating 
may be effected by utilizing deposition such as 
sputtering or electron-beam deposition or electro- 
; less deposition. 

Alternatively, as shown in Rg. 4, the entire 
conductive particle 14 may be formed of a metal 
selected from among Au, Ag t Pt, Cu, Ni, C, In, Sn, 
Pb and Pd or an alloy of two or more of these 
metais. 

Rgs. 5a, 5b and 5c are cross-sectional views 
which serve to illustrate the process of forming 
connection electrodes of the semiconductor device 
10 shown in Rg. 1. 

As shown in Rg. 5a, the electrodes 12 and the 
surface protecting layer 16 are formed on the semi- 
conductor substrate 11 in advance. A coat of 
photo-setting resin is applied to the surfaces of the 
electrodes 12 and the protecting layer 16 by, for 
example, spin coating or roil coating, thereby for- 
ming a resin layer 13 over the electrodes 12 and 
the layer 16. 

The resin layer 13 may be made of, for exam- 
ple, a material in which a photo-setting agent is 
mixed with a base material such as a thermoplastic 
resin of the acrylic or polyester type, a material in 
which a photo-reactive radical is added to a base 
material, or a material in which a thermoplastic 
resin is mixed with a base material such as a 
photo-setting resin. 

As shown in Rg. 5b, the resin layer 13 formed 
over the substrate 11 is illuminated by ultraviolet 
rays 18 through a mask 17. The mask 17 is pro- 
vided with blocking portions 17a for blocking the 
ultraviolet rays 18 and openings 17b through which 
the ultraviolet rays 1 8 can pass. The pattern of the 
electrodes 12 on the substrate 11 and that of the 
openings 17b in the mask 17 are formed such that 
they can be made coincident with each other. After 
the mask 17 and the resin layer 13 have been 
aligned in a superimposed state, illumination with 
the ultraviolet rays 18 is effected. In this manner, 
only the portion of the resin layer 13b which cor- 



respond to the pattern of the electrodes 12 is 
hardened, while the portion which is not exposed to 
the ultraviolet rays 18 is not hardened. 

Then, the resin layer 13 which has been selec- 

s tively illuminated with the ultraviolet rays 18 is 
developed with a solvent. The solvent may be 
selected from among ketones such as acetone and 
methyl ethyl ketone or alcohols. In general, since 
the hardened resin does not easily dissolve in the 

w solvent, the development is easy. 

More specifically, in the portion of the resin 
layer 13b which is hardened by illumination with 
the ultraviolet rays 18, cross-linking reactions are 
caused by the ultraviolet rays 18. The hardened 

T5 resin layer 13b exhibits little or no solubility with 
respect to the solvent. In contrast, since such a 
reaction does not occur in the portion of the resin 
layer 13a which is not hardened because of no 
exposure to the ultraviolet rays 18, the nonhar- 

20 dened portion can be easily dissolved and re- 
moved with the solvent It is therefore possible to 
form the resin layer 13b on only the pattern on the 
electrodes 12. 

Then, the substrate 11 is heated to approxi- 

25 mately 50 - 200 *C, and the hardened resin layer 
13b is again softened. In this state, as shown in 
Rg. 5c, the conductive particles 14 are scattered 
on and stuck to the resin layer 13b remaining on 
the pattern of the electrodes 12. Since the re- 

30 softened resin layer 13b has viscosity, the conduc- 
tive particles 14 can adhere to them. In contrast, 
the conductive particles 14 are merely attracted to 
the portion from which the resin layer 13b is re- 
moved, for example, the surface protecting layer 

35 16. Accordingly, unwanted conductive particles 14 
which are attracted to the area other than the 
pattern of the electrodes 12 due to electrostatic 
force or the like, can be easily removed by means 
of an air blow, a brush or the like. 

40 In the preferred embodiment, this removing 

operation is done after the scattering process. 
However, in the another embodiment, the removing 
operation by means of an air blow can be done 
during the scattering the conductive particles 14. 

45 Each conductive particle 14, which has been 

disposed on the resin layer 13b of the electrodes 
12 in the aforesaid manner, is partially embedded 
in the resin layer 13b in such a manner that a part 
of the portion of the conductive particle 14 embed- 

50 ded in the resin layer 13b is held in contact with 
the surface of the electrode 1 2, while the other part 
protrudes from the resin layer 13b. Alternatively, 
the semiconductor device 1 0 having the electrodes 
12 on which the conductive particles 14 are dis- 
ss posed may be connected to another circuit sub- 
strate by pressure bonding in such a manner as to 
force the conductive particles 14 out of the resin 
layer 13b to partially come into contact with the 
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electrode 12 by the pressure applied to the semi- 
conductor device 10 and the circuit substrate. 

When corresponding electrodes are to be con- 
nected to each other via the conductive particles 
14, an adhesive may be charged and hardened 
between the corresponding electrodes. Tlius, the 
electrical connections are sealed by resin and the 
reliability of connection is improved. 

Fig. 6 shows in cross section a liquid crystal 
display device 20 on which is mounted the semi* 
conductor device 10 produced in the above-de- 
scribed manner. Fig. 7 is a cross section taken 
along line A-A of Fig. 6, and Fig. 8 is an enlarged 
diagram showing the details of the portion shown in 
Fig. 7. 

As shown in Fig. 6, an electrode 21 and a 
plurality of opposing electrodes 22 are formed on 
the substrates 23 and 24. respectively, and the 
electrode 21 and the opposing electrodes 22 are 
opposed to each other by an intervening sealing 
resin 25* A liquid crystal 26 is charged between a 
pair of substrates 23 and 24. 

The electrode 21 of the substrate 23 extend 
from the area occupied by the liquid crystal 26 into 
the right hand side (as viewed in Fig. 6), and is 
connected via the conductive particles 14 to the 
semiconductor device 10 mounted for driving the 
liquid crystal display device 20. The connection 
between the substrate 23 and the semiconductor 
device 10 is sealed by the adhesive 27 as shown 
in Figs. 7 and 8. 

In the semiconductor device 10, a diffused 
layer is formed on the semiconductor substrate 1 1 
(Fig. 1) made of silicone, gallium arsenide or the 
like to constitute a multiplicity of transistors and 
diodes. Accordingly, the semiconductor device 10 
has the function of driving the liquid crystal display 
device 20. 

The electrode 21 of the substrate 23 is made 
of, for example, a soda glass sheet. ITO (Indium 
Tin Oxide), ITO plated with Ni to reduce contact 
resistance, or the like is formed on the surface of 
the soda glass sheet The thickness of the elec- 
trode 21 is usually approximately 50 - 200 mm. 

As shown in Fig. 9, the surface of the semicon- 
ductor device 10 on which projecting electrodes 
composed of the conductive particles 14 are 
formed, is positioned so as to oppose the surface 
of the substrate 23 on which the electrode 21 is 
formed. Then, the conductive particles 14 and the 
electrode 21 are aligned The adhesive 27 is 
charged between the aligned substrates 1 1 and 23 
and the conductive particles 14. The semiconduc- 
tor device 10 is pressed against the substrate 23 
via the conductive particles 14 and the adhesive 27 
in the direction indicated by arrows 28 until the 
distance between the electrodes 12 and 21 reaches 
a predetermined gap £1 as shown in Fig. 8. In this 



pressed state, the adhesive 27 is hardened to 
mount the semiconductor device 10 on the sub- 
strate 23. 

The adhesive 27 may be selected from among 

5 various adhesives such as reaction-curing adhe- 
sives, anaerobic curing adhesives, thermosetting 
adhesives and photo-setting adhesives. In the 
above embodiment, since the substrate 23 is made 
of glass which is a transparent material, it is par- 

w ticulariy effective to use a photo-setting adhesive 
for rapid bonding as the adhesive 27. 

Each of the embodiments has been explained 
with reference to the example in which the conduc- 
tive particles 14 are disposed on the connection 

re electrodes 12 on the semiconductor device 10. 
However, the present invention is not limited to the 
above semiconductor device and. for example, 
conductive particles may be disposed on the con- 
nection electrodes of other circuit substrates of 

20 various kinds for pressure bonding. 

Many widely different embodiments of the 
present invention may be constructed without de- 
parting from the spirit and scope of the present 
invention, it should be understood that the present 

25 invention is not limited to the specific embodiments 
described in the specification, except as defined in 
the appended claims. 

30 Claims 

1. A method of producing connection elec- 
trodes comprising the steps of: 

forming a resin layer made of a resin material 
35 capable of being softened after being hardened, on 
a circuit substrate on which an electrode pattern is 
formed; 

curing only the resin layer material on said elec- 
trode pattern; 

40 leaving only the resin layer on said electrode pat- 
tern; and 

adhering conductive particles to only the resin lay- 
er on the electrode pattern by softening the resin 
layer and by scattering the conductive particles on 
45 the circuit substrate with the softened resin layer. 

2. A method as claimed in claim 1. wherein 
said curing step includes a step of effecting illu- 
mination with ultraviolet rays through a mask hav- 
ing an opening pattern corresponding to the elec- 

50 trode pattern. 

3. A method as claimed in claim 2, wherein 
said leaving step includes a step of removing a 
non-cured part after the illumination with the ul- 
traviolet rays. 

55 4. A method as claimed in claim 3, wherein 
said removing step includes a step of dissolving 
the non-cured part by a solvent. 

5. A method as claimed in claim 1. wherein 
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said adhering step includes a step of removing the 
conductive particles attached to the portion other 
than the electrode pattern. 

6. A method as claimed in claim 5, wherein 
said removing step being carried out after the 5 
scattering the conductive particles. 

7. A method as claimed in claim 5, wherein 
said removing step being carried out simultaneous- 
ly with the scattering the conductive particles. 

8. A method as claimed in claim 1, wherein io 
said adhering step includes a step of scattering, on 

the circuit substrate, conductive particles each hav- 
ing a diameter greater than the thickness of the 
resin layer softened on the electrode pattern. 

9. A method as claimed in claim 1, wherein is 
said adhering step includes a step of scattering, on 

the circuit substrate, conductive particles each 
completely formed of metal. 

10* A method as claimed in claim 1, wherein 
said adhering step includes a step of scattering, on 20 
the circuit substrate, conductive particles each 
formed of an elastic particle coated with a metallic 
layer. 

11. An electrical component or device (10) 
which includes an electrode (12) which is sup- 25 
ported on a substrate (11) and which is connected 

or to be connected to a conductive element (21) of 
another electrical component or device (20) by a 
connector means (13, 14) which comprises a layer 
of softenable material (13) and conductive particles 30 
(14) partially embedded in said layer so that they 
are in electrical contact with said electrode (12) and 
project from the surface of said layer said connec- 
tor means being confined substantially to the re- 
gion of said electrode. 35 

12. A method of forming a connector means 
(13, 14) on an electrode (12) of an electrical com- 
ponent or device (10), said electrode being sup- 
ported on a substrate (11), comprising forming a 
layer of softenable material (13) on said electrode, 40 
softening said layer and applying conductive par- 
ticles to said substrate so that they adhere only to 

the softened material and become partly embed- 
ded therein. 
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